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FLIGHT INVESTIGATION OF THE HEAT REQUIREMENTS FCR
ICE PREVENTION ON AIRCRAFT WINDSHIEIDS
By Kenneth S. Kleinknecht

SUMMARY

A flight investlgation was conducted to establish the heat
requirements for ice prevention on sircraft windshields mounted on
the forebody of an airplane at several angles with the thrust axis.
Electrically heated windshields.were used in this investigation to
provide a means of accurately measuring heat input to the wlndshield.
The investigation showed thet: (1) by essuming e design condition of
an ambient-air temperature of 0° F, a heat input of approximately
1300 Btu per hour per square foot would prevent ice formetion at air-
speeds up to 220 miles per hour and liquid-water content up to
0.30 gram per cubic meter; (2) as the angle of the windshield with
the thrust axis was decreased from 60° to 45°, the heat required for
ice prevention remained constent. However, the heat required for
ice prevention when the angle was decreased to 30° was about 25 per-
cent less than For angles of 60° and 45°.

INTRODUCTION

One part of the general investigation of the alrplane ice-
prevention program has been concerned with preserving vislon through
~the aircraft windshield during flight in icing conditlons. A pre-
vious investigation (reference 1) has shown that the use of heat is
a practical means of preventing ice formation on the aircraft wind-
shield and has indicated the approximate gquantity of heat required
for windshield-ice prevention for one:type of alrplans.

An investigation has been conducted at the NACA Cleveland lab-
oratory in order to establish more adeguate data on the guantity of
heat required for windshield-ice prevention. The data obtained in
this investigation are for windshields mounted on the forebody of
en alrplane at several angles with the thrusi axis. The flight
operstions were conducted in the Great Iakes reglon of the United
States under conditions of natural icing during the winbter of 1946-LT7.
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Special weather forecasting for the ilcing flights were pruvided by
representatives of the United States Weather Bureaun. The windshields
used were provided by the Pittsburgh Plate Glass Company.

APPARATUS

A special airplane-forebody section incorporating seven wind-
shleld panels each 11 inches square was mounved on a four-eungine
bomber-type ailrplens (fig. 1). The windshield panels were installed
at the following angles with the thrust axis (fig. 2): °

Windshield | Angle
panel (deg)
1, 7 45
2, 3, 5, 6 30
b 60

Windshield panels 1, 2, and 4 were the laminated type and were
electrically heated (fig. 3). The remelning windshlelds were not
heated. A typical windshisld installation is shown in figure 3.
Flectric power was furnished to the test panele by an auxiliary power
plant installed in the walst compartment of +the airplane.

INSTRUMENTATION

Temperatures of the outslde and inside surfaces of each wind-
shield panel were recorded by thermocouples. Three thermocouples
wore installsd on both the outeide and inside surfeces of each ranel.
The thermocouples were located dlagonally across the pansl, one in
the center and ome hg inches on either side of the center (fig. 3).
The installation of the thermocouples on the outside did not disturbd
the aerodynemic smoothness of the surface. The inside thermocouples
were cemented to the surface with rubber cement. A shielded
resistance-bulb thermometer was installed on the bottom of the elr-
.plane fuselage to measure ambient-gir temperaturs.

Presaures at altitude and alrspeed were measured by flush
static orifices and a tobtel-pressure tube located on the side of
the airplane at the pilot's station.
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The power furmished to the windshields was controlled by the
use of wide-range variable transformers in each supply line and was
measured by volitmeters and smmeters.

A rotating cylinder assembly, similar to that described in ref-
erence 2, was uged to determine average droplet size, droplet-size
distribution, and liquid-water content. The four cylinders used

1 1

wers 5 Inch, 3 inch, ;ﬁ inches, and 3 inches in diameter,

A rotating disk-type icing rabte meter was used to msasure the
icing rate. The principle of operation of this meter is given in
reference 2. .

RESULTS AND DISCUSSION

The results of this investigation are presented in table I
and figure k.

The quantity of heat provided for the 60° windshield is pre-
sumably an indication of the maximum that may be required for -any
configuration at the conditions expsrienced during this investiga-
tion (fig. 4(c)). The nature of the ice formation on the 60° wind-
shield (fig. 5) indicates that a reglon of stagnation existed on
the windshield. Convective heat transfer snd. the heat lost to the
intercepted water is ususlly lerger In the viecinity of a stagnation
pressure reglon_than in other regions of an aercdynamic body.

If = design condition is used that presumes a temperature rise
of the windshield surface of 32° F gbove & O° F ambient-alr temper-
ature, the conclusion mey be made from the data in figure k(c) that
epproximately 1300 Btu per hour per square foot will prevent ice
formation at velocities up to 220 miies per hour and llquicd-water
content as large as 0.30 gram per cubic meter. Because of the high
collection of liquid water, which was apparent on the 60° windshield,
1t is possible that the provision of 1300 Bitu per hour per squars
foot will provide protection for the full range of water-droplet
sizes that may be encountered under the conditions noted.

From data on the temperature rise of the various wlndshield
surfeces, it has been ascertained that as the angle of the wlnd-
shield with the thrust axis is decreased from 60° to L5°, the heat
required remains constant. However, when the anglé is decreased
to 309, about 25 percent less heat 1s required.
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The renges in alrplans velocity and intensity of icing condl-
tlons were inadequate to permilt a general statement of the relation
between heat required for ice prevention and the operating conditions.

Observetions made during the conduction of this research indi-
cated that the use of electrically heated panels did not provide
any protection for the windshleld frams (fig. 6), whereas the air-
heated airplene service installation (fig., 7) 4id provide framse
protection. The center windshield of the airplans service instal-~
lation was not heated.

Flight Propulsion Research laboratory,
Netional Advisory Commlittee for Aeronautics,
Cleveland, Ohlo.

REFIRENCES

1. Rodert, Lewls A., Clousing, Lawrence A., apd McAvoy, Willlam H,:
Recent Flight Research on Ice Preovention, NACA ARR, Jan, 1942,

2, Vonnegut, B., Cunninghem, R. M., and Katz, R. E.: Instruments
for Measuring Atmospheric Factors Related to Ice Formation on
Airplanes. Dept. Metesorology, De-Icing Res. lab., M.I.T.,
April 1946, (Available from OFfice of Technical Services,
U.S. Department of Commerce, aé PB No. 4807k,)



OF WINDSHIELDS ABOVE AMBIRNT-AIR TEMPERATURE IN MATUEAL ICIRZ CO

TABLE I
RESULYS OF PLIGHT INVESTIGATION T0 DETERMIFE THE TEMPERATURE RISE OF THE OUTSIDE SUHFAGE

-

HNDITIONI
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Angle|Altitude velooity|amblent- |[Windshiald-|Average windshield|Heat input/Average |Droplet{Liquid-| Rate
(deg)| (ff%) (mph)  |air tem-[campartment|temperaturs {°F) | (Dtu/(ir) |droplet |size |water of
pevature [tamparature| Tnafda Outeide | (sq £t} |slze distrli=|sontent | e
(°m) {°r) surfage | surface (mLerons) | butlon®|(z/on Il(lnfygr)
30 3310 177 13 26 40 26 409 8.7 A 0,366 3.64
45 4 ] 408
_% - 30 2) 248
5210 117 5 3] 83 38 T80 8.8 A 0,240 2.64
45 40 30 695
50 44 a7 __ Bb8 .
45 3310 180 15 24 60 37 883 8.6 A 0.280 1.68
|60 | 34 S 809
45 3310 1T 14 24 kil 45 1328 9.1 A 0,183 ——
60 6a 58 1093
45 3320 im 15 24 ™ 48 1528 8,7 A 0,305 -
8 27 2 1419
30 3alo 157 16 ] a3l 403 8.5 'y 0.878 ——
rt 8l 33 976
[14] ae 51 14)0
30 £820 153 90 58 a59 11,0 b ] 0.202 1.13
4% 25 82 1328
60 o) a2 _21385
30 2820 152 54 i) 61 616 10.4 E 0,193 1.5
45 83 5% 978
60 g8 57 1071
30 3508 s 33 56 P©L 413 ———— w—— JR— 0.66
8 5| 4 | B
- )
30 | %4t 165 -7 43 32 230 X . .62
] & 35 FiH 10.0 .1 0,808 1
60 59 42 i)
ﬁ 3405 162 i) 31 . ﬁ gg %#: 7.9 E 04330 0.38
80 % 38 380
Rﬁ 1¢ E.¢.) zﬁs Eﬁu ﬁﬁl’g 1a.1 E 0.300 s
a0 68 3l ¥ili]
30 9710 225 10 as ] 40 495 18.0 E Q.240 ——
gg Bl ;g 444
30 | 9910 El4d ~20 35 _E'l’ "33 278 17.7 E 0:170 | wamnm
& 42 %0 250
03] ] 357
30 29910 191 20 35 76 Bl 778 18.0 E 04120 -
46 63 43 (3]
|80 [~ 83 | 48 | 1008
[:]s] 85480 78 34 [N o0 817 20 A 0,340 2.8
60 ﬁ 3 30 % 13,0 A 147 | 3,
&1 g B0 4, A 0,130 .

Atstrihutions A and E are desoribed in referance 2, pp. 4-12,
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Figure |. - Alrplane with special windshield section mounted on forebody to determine heat required
to prevent lce formation on alrcraft windshields.
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(a)

Figure 2. - General arrangement
heat required to prevent ice

NACA
C. 18123
3. 11. 47

Front view.

of windshield panels for determining
formation on aircraft windshields.
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{b} Side view.
Figure 2. - Concluded. General arrangement of windshield panels for

determining heat required to prevent ice fomation on aircraft wind-
shields.
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Figure 3, - Typical windshield installation and details of windshield construction for determining
heat required to prevent lce formation on aircraft windshields.
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Average Average Average Average
velocity droplet liquid~ ambient-
{mph) size water air temp-

(microns) content perature

(g/cu m) (°r)

O 158 9.6 0.30 24
o 177 8.6 .30 14
o 191 18.0 .12 20
1000 A 220 17.9 .24 20

]
o

600 o

‘ju
400

Heat input, Btu/(hr)(sq It)

200 ]

= 40
windshield=surface temperature mimis amblent-air
temperature, °F
(a) Windshield angle with thrust axis, 30°.

Figure 4. - Variation of heat input with temperature rise of outside
surface of windshield above ambient-air temperature.
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1400 —
A
1200 //
Average Average Average Average
velocity droplet liquid- ambient-

100 5 - (mph) size water air tem-
—_ o (microns) content  perature
L (g/cu m) (°r)
ot (o 156 9.6 0.30 24
u
= ¥ o 178 8.7 .27 14
a &0 o 191 18.0 .12 20
> A 220 17.9 .24 20
= 7
g‘ 60
g‘ /
i
3
o
= A

400

200

° 20 20

Windshield-surface temperature minus amblent-alr
temperature, Op

(b) Windshleld angle with thrust axis, 45°.

Figure 4. - Continued. Variation of heat input with temperature rise of
outside surface of windshieid above ambient-air temperature.
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Fig. 4c
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Windshield-surface temperature minus ambient-air
temperature, °F

(¢) Windshield angle with thrust axis, 60°.

Figure 4. - Concluded.

Variation of neat input with temperature rise of

outside surface of windshield above ambient-air temperature,
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Figure 5. -~ lIce formation on 60° windshield panel after fiight with no
heat applied.
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Figure 6. - Ice accretion on framework of 60° windshield during electri-

cal thermal anti-icing of windshield.
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Figure 7. - Airplane service windshields in natural icing condition. Thermal hot-air anti~icing on
pilot's and copilot's windshields; center windshield not antl-iced.
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